Background: Reconstruction of the skull base after an expanded endonasal approach (EEA) is critical to achieve a good outcome. A novel technique based on the use of a pedicled nasoseptal flap has proven to be a reliable and versatile reconstructive option for extensive defects of the skull base. Data regarding the potential dimensions of a nasoseptal flap are lacking in the literature. This pilot study was developed to help optimize the design of the nasoseptal flap and to ensure that when harvesting the flap, its width and length are adequate to reconstruct the defects that are created by various EEAs.
INTRODUCTION
Expanded endonasal approaches (EEAs) for the treatment of skull base lesions are rapidly evolving. 1 Some of the most important factors driving this evolution are a better understanding of the endoscopic anatomy, the development of appropriate instrumentation, and the development of vascularized flaps for the endonasal reconstruction of skull base defects. 2 Adequate exposure and resection of skull base lesions, and the subsequent reconstruction of the resultant defect, are paramount requirements for a good outcome. The main goal during the reconstruction of the skull base, regardless of whether the approach is endonasal or external, is the isolation of the cranial cavity to prevent intracranial infections, cerebrospinal fluid (CSF) leaks, and pneumocephalus. 3 This is done ideally using vascularized tissues that promote rapid and complete healing. 4 Other factors may influence the choice of a reconstructive technique, such as the extent and localization of residual defect, a history of prior endonasal surgeries or radiation therapy, the age and general conditions of the patient, and the presence of a highly qualified multidisciplinary team. 5 We recently adopted the use of a novel technique for the endonasal reconstruction of skull base defects based on the use of a posterior pedicle nasoseptal flap, the Hadad-Bassagasteguy flap. 6 This flap has proven to be a reliable and versatile reconstructive technique for extensive defects of the anterior, middle, clival, and parasellar skull base. Its use has resulted in a significant decrease of our incidence of postoperative CSF leaks. 6 One caveat is that it needs to be harvested at the beginning of the surgery; therefore, it is designed and elevated before we can measure the final defect. This requires overestimation of the flap dimensions.
The surgical technique to harvest a posterior pedicle nasoseptal flap includes two parallel incisions that follow the sagittal plane of the septum, one over the maxillary crest and the other 1 to 2 cm below the most superior aspect of the septum (preserving the olfactory epithelium). These two horizontal incisions are joined anteriorly by a vertical incision. These incisions may be modified to account for a specific area of reconstruction or to allow for adequate oncologic margins. Both incisions are extended posteriorly and lateral to cross the rostrum of the sphenoid sinus, preserving a narrow strip of mucoperiosteum that contains the posterior nasoseptal artery. We have not tried, however, to standardize the flap design or incisions according to different skull base defects.
During the reconstruction, the flap is applied against the denuded walls of the sinonasal tract as it approximates the defect. Failure to appose the flap against denuded walls and advancing it across the nasal air space leaves the flap subject to the force of gravity and exposed to air. This allows desiccation of the pedicle and requires that the exposed areas heal by secondary intention. Contraction and gravity may pull the flap away from the defect, leading to a CSF fistula.
We believe that understanding the potential dimensions of the EEA defects and nasoseptal flaps is imperative to improve the outcome. Data regarding the potential dimensions of the nasoseptal flap, however, are lacking in the literature. We developed a method using axial computed tomographic (CT) images reconstructed in sagittal and coronal planes to determine the potential width and length of the flap, which could then be compared with the skull base dimensions. Our main aim with this study is to optimize the design of the nasoseptal flap to ensure that the flap width and length are adequate to reconstruct defects created by various EEAs.
MATERIALS AND METHODS
We analyzed the CT scans of four patients who underwent EEAs to remove skull base lesions. Patients 1 and 2 underwent CT scanning with intravenous contrast using an axial 1.0 mm section protocol, whereas patients 3 and 4 underwent CT scanning with intravenous contrast using an axial 1.25 mm section protocol. Sagittal and coronal reconstructions were generated from the axial images. The measurements were performed using the software Stentor (Philips, Brisbane, CA) that permits a dynamic analysis of the images, thus allowing a three-dimensional localization of the structures (Figs. 1-11) .
No patient had any preexistent condition that could alter the skull base anatomy. In addition, the selected patients presented with tumors that did not change those areas of the skull base that needed to be measured.
The measurements were divided into the following:
1. Skull base measurements 2. Nasoseptal flap dimensions required to cover the skull base defects resulting from three different EEAs: a. Sellar/transplanar For each EEA, we measured the nasoseptal flap dimensions that would be required to cover the largest possible defect. We arbitrarily added 6 mm to each approach to allow for some flap contraction. The nasoseptal flap dimensions were organized to ascertain whether the anteroposterior (A-P) dimension (length) of the flap would cover the A-P aspect of the skull base defects, whereas the craniocaudal measurements of the nasoseptal flap (flap width) were compared with the laterolateral aspect of the skull base defects (Figs. 1-5) .
We used the sphenopalatine foramen (SPF) as the point of reference to calculate our measurements; therefore, the first step was to find the SPF in the axial and coronal planes. Subsequently, with use of the Stentor image navigation program, the midsagittal plane and the projection of the SPF on the nasal septum were established using the coronal and axial planes. (Fig.  1) . Table I summarizes the definition of all measurements related to the skull base.
Transsellar Approach/Transplanar Approach
We defined the defect and the necessary dimensions for its reconstructive flap in both the coronal and the midsagittal planes. In the midsagittal plane, the flap length needed to cover the defect was established as the distance from the SPF projection to the most superior aspect of the rostrum of the sphenoid sinus after covering its floor, posterior wall, and roof (Fig. 2C) . Two measurements taken in the coronal plane define the flap width that would be required to cover the laterolateral dimensions of the defect: the distance between the optic struts ( Fig. 3C ) and the distance between the lateral aspects of the internal carotid arteries (Fig. 3D) .
Transclival Approach
The flap length required to reconstruct a transclival defect (panclivectomy) was defined as the distance from the SPF projection to the lower aspect of clivus while lining the floor or the lateral wall of the sphenoid sinus and the posterior wall of the clivus (Fig. 2D) . Three different laterolateral measurements of the clivus, taken in three different coronal views (Fig. 4) , correspond to the width of the defects after EEAs to the upper, middle, and lower third clivus and therefore correlate with the width of the required flaps.
Transcribiform Approach/Anterior Skull Base Approach
Flap dimensions that are required to reconstruct the defect resulting after a transcribiform approach were established in the coronal and midsagittal planes. In the midsagittal plane, the length is estimated by measuring the distance from the SPF projection to the posterior wall of frontal sinus, after lining the lateral nasal wall ( Fig. 2A ). In the coronal plane, we measured the distances between the laminae papyracea at the level of the anterior ethmoidal artery (AEA) (Fig. 3A) and at the junction of the sphenoethmoid recess (Fig. 3B ). These two measurements represent the flap width that is necessary to cover the laterolateral dimensions of the anterior skull base defect.
The distance from the SPF projection to the posterior wall of the frontal sinus, lining the lateral wall of sphenoid sinus and the anterior skull base (Fig. 2B ), was measured in the midsagittal plane. This represents the flap length that is necessary to reconstruct a defect after an EEA that included the anterior skull base, planum sphenoidale, and sella turcica. Also in the midsagittal plane, the combination of distances between the most inferior point of the clivus to the floor of sella turcica, floor of the sella turcica to the most superior part of the dorsum sellae, and dorsum sellae to the posterior wall of the frontal sinus ( Fig. 5 ) represents the total skull base length.
Measurements of Potential Nasoseptal Flap
This set of measurements represents the potential dimensions of the nasoseptal flap. In the coronal plane, we measured the distances between both SPFs and the nasal septum, which correspond to the length of the flap pedicle (Fig. 6 ). In the sagittal plane, we identified the SPFs bilaterally and then measured their distance to the skull base (Fig. 7) .
We then calculated the nasoseptal flap length and width. Anterior and posterior cuts in the coronal plane were used to measure the craniocaudal dimensions of the flap (width). We did not include the most cephalic 10 mm of the nasal septum because they potentially comprise the olfactory epithelium, and we usually preserve this area during harvesting of the flap (Fig. 8 ). We identified, in the midsagittal plane, the lines that we used to measure the flap width in the corresponding coronal plane. To ascertain the potential length of the nasoseptal flap, we performed four measurements. In the sagittal plane, we measured the distance from the SPF to the most anterior aspect of the flap and the distance between the most posterior to the most anterior border of the flap (Fig. 9 ). In the axial plane, we measured the (Fig. 10) . We ascertained the flap area using a combination of these measurements (Fig. 11 ).
RESULTS
Table II summarizes all measurements related to the nasoseptal flap, correlating them to specific illustrations. Table III presents the demographic data of our patients. All measurements are summarized in Table IV .
Transsellar/Transplanar Approach
The flap length and width should be adequate to cover the entire surface of the sphenoid sinus in the sagittal and coronal planes (Figs. 2C and 3, C and D). We observed that a flap that was harvested with its anterior edge at the level of the head of the middle turbinate (FL-MT) was insufficient to cover the entire A-P aspect of the sphenoid sinus in all four patients. When harvested to the level of the head of the inferior turbinate (FL-IT), the flap length was sufficient to cover the sphenoid sinus of patients 1 and 4, both of whom are women. The flap length from the SPF projection to the most anterior edge (SPF-AF) was insufficient only for patient 3. When the flap harvesting included the entire nasal septum mucoperichondrium, from its posterior edge to its most anterior edge (PF-AF), the flap length was adequate in all patients. Using the minimum measurement of flap width (anterior or posterior flap width [AFW/PFW]), we noticed that it would be adequate to cover the laterolateral aspect of the sphenoid sinus for patients 1, 2, and 4. The distance between the optic struts of patient 3 was wider than either flap width measurement (AFW or PFW).
Transclival Approach
When the anterior limit of flap harvesting was at the level of the head of the middle turbinate (FL-MT), the flap length was insufficient for all four patients. The flap length, when harvested to the level of the head of the inferior turbinate (FL-IT), was sufficient to cover the clival defect for patient 1 only. All measurements of flap length, either that from the posterior edge of nasal septum to the most anterior edge (PF-AF) or that from the SPF projection to the most anterior edge (SPF-AF), were sufficient to reconstruct a panclivectomy defect on patients 1, 2, and 3. The minimum flap width (AFW or PFW) would be enough to cover the laterolateral aspect of the clivus in every patient.
Transcribiform/Anterior Skull Base Approach
A typical defect after a transcribiform EEA includes the anterior skull base from the posterior wall of the frontal sinus to the anterior wall of the sphenoid sinus (SPF-SKB). We analyzed four flap length measurements (FL-MT, FL-IT, SPS-AF, and PF-AF), correlating them to the dimensions of a skull base defect after a transcribiform EEA. The flap length from the posterior edge to the most anterior edge of the nasal septum (PF-AF) and from the SPF projection to the most anterior edge (SPF-AF) would be adequate to reconstruct a defect after a transcribiform approach in all patients. In addition, the flap The distance from the SPF projection to the posterior wall of the frontal sinus lining the sphenoid sinus and anterior skull base (SPF-S-SKB) is longer than even the longest flap length measured in any of the four patients. The distance between the SPF and the nasal septum ranged from 7.5 to 11.5 mm (right side) and from 10.1 to 11.3 mm (left side). This distance corresponds to the length of the flap pedicle. The distance between the right SPF and skull base ranged from 19 to 25.4 mm, whereas for the left SPF, this distance varied from 18.6 to 25.4 mm.
Total skull base A-P dimension including the clivus, sella turcica, and anterior skull base varied from 98.2 to 119.2 mm. The area of the defect after a complete resection of the anterior skull base in between the laminae papyracea and from the posterior wall of the frontal sinus to the dorsum sellae ranged from 14.2 cm 2 to 20.3 cm 2 . The area of a panclivectomy ranged from 14.9 cm 2 to 17.6 cm 2 . The area of the flap harvested from the nasal septum measured for each patient ranged from 22.628 to 27.692 cm 2 . All the areas measured for each patient are shown on Table V .
DISCUSSION
Several factors should be considered when planning the reconstruction of a skull base defect: area and volume of resection, extent of communication between the cranial cavity and the sinonasal tract, and the presence and geometry of remaining dural and bony margins. 2, 8 Conversely, the potential dimensions of the nasoseptal flap are an important consideration for endoscopic reconstruction. Because the goals of reconstruction after an EEA is to isolate the cranial cavity from the sinonasal tract, the dimensions of the nasoseptal flap must be adequate to cover the entire resultant defect. 3, 7 One major difficulty is that although the endoscope allows for exquisite visualization of the endonasal structures, it does not offer a three-dimensional image, thus causing difficulties in estimating dimensional proportions intraoperatively. Understanding of the potential dimensions of the EEA defects and nasoseptal flaps will aid the surgeon to achieve the best possible outcome. Unfortunately, the literature regarding the dimensions of the skull base from the endoscopic standpoint is sparse and lacks any data regarding the correlation of the dimensions of the nasoseptal flap with the potential skull base defects resulting from EEAs. 9 Zacharek et al. 10 studied the ethmoid sinus roof using CT scans of 100 patients. The distance from skull base to nasal floor was measured on a sagittal plane that bisected the width of the skull base at the level of the AEA. At the level of AEA, the authors observed a mean of 59 Ϯ 6.3 mm (95% confidence interval [CI] 46.4 -71.6) for the right side, whereas at the midway point between AEA and the sphenoethmoidal junction, the mean was 50.9 Ϯ 4.3 mm (95% CI 42.3-59.5). In our study, we used the same parameters to calculate the necessary flap width to reconstruct the anterior skull base at these areas: the AFW at the level of AEA and the PFW at the midpoint between AEA and sphenoethmoidal junction. Reducing 10 mm from Zachareck's measurements to account for the olfactory area that is preserved during the flap harvesting, we can note that our results for AFW and PFW are inside the CI calculated by Zacharek. We observed, however, that our measurements were frequently smaller than those reported by these authors. The trend for smaller measurements in our results can be explained based on the use of a different sagittal plane. Our measurements were below the cribriform plate at the midsagittal plane, and we did not considered the dimensions of the vertical lamella that were included in the measurements made by Zacharek.
Arikan et al. 11 analyzed the anterior skull base of 42 patients using CT scan images and demonstrated that the distance from the cribriform plate to the nasal floor at the level of bulla ethmoidalis on the midsagittal plane was a mean of 46.04 Ϯ 4.24 mm (95% IC 37.56 -54.52). Reducing the 10 mm that corresponds to the olfactory area in the nasal septum, we note that our measurements of the flap width (AFW) are inside the CI calculated by Arikan as well. 11 Lang and Baumeister 12 studied the distance between the floor of the nasal cavity and the cribriform plate at the level of the bulla ethmoidalis in cadavers. They ascertained a mean of 45.73 mm (95% IC 38 -52) that correlates with our results for patients 1, 3, and 4. Patient 2 had an AFW measurement that was 5 mm wider than the SD encountered by Lang. This may have occurred because of the small sample studied by Lang and, consequently, the short CI. 12 Waitzman et al. 13 studied the craniofacial skeletal dimensions and the growth pattern of 525 normal patients, ranging from 0 to 17 years of age, using CT scans. After 14 years of age, the interorbital distance seemed to stabilize. Analyzing axial cuts, Waitzman measured the distance between both orbital medial walls at a midway point between the lacrimal bone and the optic strut. In the category of patients who were 17 years old, comprising 16 patients, the author ascertained a mean of 27.5 Ϯ 2.3 mm (95% CI 22.3-32.7). Our anterior skull base measurements in the axial plane at the level of AEA (SKB-AEA) and at the level of sphenoethmoidal junction (SKB-PES) of patients 2, 3, and 4 are inside the CI calculated by Waitzman et al. Patient 1 had a distance that was 4 mm longer than the CI estimated by Waitzman et al. This is probably caused by a greater degree of pneumatization of supraorbital ethmoidal cells.
Our results regarding the skull base measurements are in accord with the rest of the literature, thus adding support to our methodology. There are no existent data, however, about other parameters measured in this study, such as the sphenoid sinus contour, flap area, flap lengths, or others.
As previously stated, the main objective of our study was to analyze the potential of the nasoseptal flap for skull base reconstructions after various EEAs. We deemed that the flap length was sufficient to cover the sphenoid sinus for all patients if at the time of harvesting, the anterior vertical incision was anterior to the head of the inferior turbinate. Although it is known that some flap contraction occurs, it is impossible to estimate this preoperatively, and it has been our experience that pedicled nasoseptal flap contraction is not significant. 14, 15 This flap needs, however, to be placed in contact with the denuded walls of the sinonasal tract. If the pedicle of the flap is left exposed to air, its mucoperiosteal/mucoperichondrial aspect will heal by secondary intention and will contract. During our evaluation of flap length, we added an arbitrary 6 mm to allow for some contraction. In addition, we overestimated the dimensions of the defect because we did not consider the reduced contour of the defect after the insertion of inlay and onlay grafts such as collagen matrix that are ordinarily used to close a dural defect. Furthermore, we did not consider the possible recontouring of the bony structure to shorten the distances that the flap needs to reach over. To cover the anterior skull base comprising the area from the posterior wall of frontal sinus to the anterior wall of sphenoid sinus (SPF-SKB), the potential length of the nasoseptal flap was adequate in all patients as long as at the time of harvesting, the anterior vertical incision was made at a level that was anterior to the head of the inferior turbinate. When considering the reconstruction of clival defects, we observed that only for patient 4 was the flap length 1 mm less than the length that was needed to completely cover the clivus. Those same factors that could reduce the size of the sphenoid defect could also diminish the clival defect during reconstruction. Consequently, patient 4 illustrates how a preoperative analysis of the skull base and nasal septum could avoid an unexpected negative mismatch between the dimensions of the flap and the defect, thus alerting the surgeons to the need for alternative reconstructive strategies.
Another example of the importance of appropriate preoperative measurements is encountered in patient 3, in whom the flap width was not enough to cover the laterolateral aspect of the anterior skull base. The distance between the optic struts of patient 3 was unusually wide because of extensive pneumatization. A practical alternative for patients with such presentation would be the rotation of the flap so that its length is used to cover the width of the defect. Other options such as the use of a second flap should be considered as well.
Analysis of the dimensions of potential defects of the skull base provides a better understanding of the limitations of the pedicled nasoseptal flap. The potential flap area of all four patients is adequate to cover either the entire anterior skull base, from the posterior wall of the frontal sinus to the sella along both laminae papyracea, or an entire panclivectomy. It is not adequate, however, to cover a defect extending from the foramen magnum to the frontal sinus. This clinical scenario is encountered rarely, and it could be resolved with the use of bilateral flaps or a combination of vascularized flaps with or without free grafting. In millimeters, except as shown.
CONCLUSIONS
The potential length of the nasoseptal flap is adequate to cover all defects resulting from all anterior skull base, sphenoid, and clivus approaches independently. The flap length, however, is not be adequate to cover defects resulting from combined approaches such as those used to expose the skull base from the sella turcica to the frontal sinus. It is possible, however, to use two nasoseptal flaps for reconstruction, thus circumventing this problem.
The width of the nasoseptal flap proved adequate to cover the laterolateral aspect of the anterior skull base and the clivus after EEAs. This takes into consideration the placement of its superior incision 1 cm below the most superior aspect of the septum to preserve the olfactory epithelium. The width may be extended, however, by harvesting the mucoperiosteum of the nasal floor. For defects of the sphenoid sinus roof in a sinus that has been expanded by extensive pneumatization, we can rotate the flap in such a way that we use its length to cover the laterolateral aspect of the sphenoid sinus.
Our study is the first attempt in the literature to standardize nasoseptal flap measurements for skull base reconstruction. Standardization may not be possible, however, because of the high incidence of anatomic variations, thus nasoseptal and skull base preoperative measurements are required for each patient. This can prevent an unexpected mismatch between the defect and the reconstructive flap and help to estimate the best reconstructive method. Further studies, using a larger sample, are warranted to validate our pilot study.
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